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... SUMMARY ..

" The submerged fermentation of Trichoderma viride for production
of cellulase has been successfully carried out on a pilot scale.
The problems of foam formation have been alleviated through the
use of both mechanical and chemical foam control. A reproducible
fermentation profile has been established by standardization of
inoculum size and age. The initial lag time in the batch fermen-
tation has been reduced to 1 to 2 hours following inoculation.
The rather complex behavior of the fermentation is explained as

““'the fesult of the complex media and c¢ondition of the inoc¢ulum.

Results indicate low oxygen transfer requirements, even at the
“‘maximum rates of cell respiration. Substantial enzyme production
-has.been cbserved in as little as 24 hours,indicating that maxi-
mum cellulase ylelds may requlre a fermentatlon of only 3 to 4

days.:'-:~-

INTRODUGCTION

... The production of consistently high quality cell-free cellulase

.. enzyme-on a.large scale is:a major objective of the:.Natick.pilot

-program for- enzymatic hydrolysis of. waste cellulose. , Laboratory
production of eﬁzyme broths via submerged. fermentation of Tricho-
derma viride has been successfully studied. by several investiga- ;
tors (1,.2, 3). Transferral of this laboratory technology to
pilot scale.operation is.the first step towards a commercial pro-

Cess.

The goal of a pilot program is to develop successful processing




“to establlsh a reproduc1ble”fermentatlon proflle or ¥Kinetic bé-

haviour under’ a g'Ven ”et of’ operatlng parameters. only after the
Tthls is accompllshed is. 1t’p0551b1e to ‘evaluate the effect of in- CeEg

: d1v1aual parameters and to’ proceed towards ‘more optimum condltlons, L of

for to 1nvestlgate morefsoph'stlcated'proce551ng strategies. - '_11n

Kokt

.Economlcs of a cellulose"o glucose process have been pr0posed and _ “.:cé
' ' : fa

isg

) reuse of the enzyme. Thls'pa—. ; 5;;§

per only beglns to addeess'one of.these questlons - the. large ‘scale ot
p'oductlon of enzyme-' |
- f

EQUIPMENT AND METHODS o
In order to obtaln th data necessarydfor a good process evaluatlon ' .'_E

a small pllOt or pre 1ot _-" h s_been assembled. For. the o i N
' d.- A 30 liter fer—
s_employed ‘as a "sead" or

er3(300_11ter worklnq volume)-

YV able cell mass.. The flrst is dlrect oxygen utlllzatlon whlch

c'lculated u51ng ;%nlet and ex1t gas ana1y51s under controll
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sparge conditions. The second is a dynamic oxygen uptake .para-
;. meter (K) calculated under conditions of zero sparge. - This: tech-
nigue measures the rate of decline of dissolved oxygen between
the 50 and 20 percent saturation levels. Dissolved oxygen is'ini-
tially raised to 65 percent saturation before the sparge is turned
é;  ? off and the agitation rate is set at 250 rpm. The time for decline
' in dissolved oxygen between the 65 and 50 percent levels is suffi-
_ cient to eliminate transients caused by bubble entrainment.. . Be-
51 E  5 cause of the standard agitation conditions, surface aeration is
. 3 fairly constant for each experiment. The rate of decline of dis-
solved oxygen is invariably linear between the 50 and 20 percent
n levels, and the slope (K. = A DO /A TIME} is used as an indicator
9-  f of respiration and viable cell mass. This method is used only as
R a relative indicator for it does not take into account any probe
factor. The third technique is the calculation of carbon dioxide
production, again using . inlet and exit gas analysis under con-

trolled sparge conditions.

DR Enzyme production is measured in filter paper units with the ana-

lysis decribed in reference (7).

FERMENTATION PROCEDURES

Culture and media

Trichoderma viride was chosen as.the best organism on the basis of the
extensive work of Mandels e# al. (1, 8). A mutated strain, QM-9414,
has been selected because of its increased enzyme productivity over

the parent or wild strain QM-6A.

The media used contained, in grams/liter, KH,PO, 2.0, (NH4)2504
1.4, caCl, 0.3, urea 0.3, and MgSO,-7Hp0 0.3 with 1% cellulose
{SW40) , and 0.075% proteose peptone. In addition, 65 ppm of poly-
propylene glycol (M.W, 2050) was added as an antifoam. .Tap water

was used, eliminating the need for trace metal addition. The media

and vessel were sterilized at 121°C for 60 minutes.
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The inoculum for the 30 -liter vessel was prepared in the laboratory
using the mineral salts:mediuﬁ;{l)gwith 0.5% cellulose (SW40), 0.05%
protecose peptone and-0.2% Tween 80 (Atlas Chemical industries, poly-
oxyethylene sorbitan;mono;oleate); This medium was inoculated with
a spore suspension:and. grown at 30°C on a reciprocating :shaker in
‘Fernbach flaskSuE;:;'

Foam control

The production of foams -in fermentation media is a common (9) and
sometimes serious‘@roblem.. It can limit very .seirously the working
volume of a vessel..: The escape of foam has the additional conse-.
guence of wetting jexhaust air filters and ‘lines with the .subseguent
threat of contamination.’ Denaturation of proteins or enzymes due
to the stresses associated with bubble formation can be . a serious
problem when an enzyme.is: the desired product. There are other.
nurerous disadvantages of uncontrolled foam formation which make it

a primary consideration in the scale up of a fermentation (10}.

Foaming in the complex média for the I'. wviride fermentation is due
to several factors. The partially hydrolyzed proteins in the pep-
‘tone are known for their foam enhancing properties. The entrap-
ment of cellulose fibers within the foam yields a dry, stable froth,
which is quite difficult to handle. Tween 80 has been used to
"lighten" or to promote drainage of the foam on a laboratory scale
(1) . However, levels normally used are in 2000 ppm range. Sorbi-

tan. derivatives are not-used at. this high a level in commercial

':”ffermentations-aﬁd-genérally'the water soluble ones like Tween 80

7'32@ known to promote foari rather than to control it (10). For the
large scale 7. viride fermentation;.Tween 80 was found to cause a
.- major foaming problem even at mild agitation and aeration rates,

L and because of this 1t 'has been eliminated f£rom the media.

"Agsecondary.fdaming problem. appears later: in the fermentation with
'ﬁhe appearance-of high levels: cof sclublé protein, of which a good

 aportion is undoubtly the_cellulase-énzyme.complexi
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~ The Waldhof draught tube shown in Figure 1 -has been effective in

controlling foam in our large scale fermentation. In addition,
polypropylene glycol in concentrations up to 65 ppm has been ex-
tremely effective as an antifoaming agent and has replaced Tween
80. It was selected, after trying many commercially a&ailable
antifoams, for its long term effectiﬁenessi 2A=mechanical.foam
breaker located in the vessel head space 1is aiéb used_for;back-up

foam control,

‘i 7A£ : L Foam dEflector
\\\,// " B Dmaxﬁm_hme_.vn
4 o Punping 1mpeller (bottom
: Lo drive) o
LJJ l\Jf o B D Sg#ger._

e

Fig. 1. Waldhof draught tube.

Inoculum

Though incculum sizZe does not seem to affect ultimate enzyme yleld

(1) it most certainly affects the ‘rate of productlon. ‘Initial runs

were made using a 1% shake fliask inoculum in the seed’ fermentor'=

As can be seen in Figure 2, it was ‘soon evident that it would'be
impossikle to obtain consistent results because of the varylng lag
time. This made it very difficult to predict oPtlmum transfer ‘time.
A larger (10%) inoculum was tried with encouraging Fesultsl Tt ig"
not uncommon to' run industrial fermentations with inocula tp to "
20% in size (11l; 12). This therefore is not a" new innovation but
simply an applied processing technique. AS can be seen, “the’ 1ag

is reduced to around l...2 hours and the peak culture resplratlon'

activity is higher and achieved in a period of hours 1nstead_of‘_n

days. In addition the results have been surprlslngly ‘consistent.

The culture activity profile can easily be:reproduced and: Has:been
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the same (+2 h) for every run to date.

3 DAY-10%
4 DAY - 1%

4 DAY-T%

3 DAY-1%

3 DAY-1%

4 DAY - 1%

RELATIVE RESPIRATORY ACTIVITY-K

HOURS

Fig. 2. Respiration activity profiles for Trichoderma vzrzde fernentat;on.
(Temperature 309C, pressure 0. 04 atm gage)- _ _ B
Run No. Inoculum age Inocuium size
H—D 3 3 days 1%
@ 4 3 days 1%
.. 0—=0 5 4 days 1%
_: AFH‘ 6 4 days | e 1%
o0 & 4aays 108
?f-k—Jl 9 3 days 10%

_ The age of the 1nocu1um was thought ta have an effect con the laé
-and ultimate activity of the culture. Upon investigation it was
found that 3 to 4 day old spore-inoculated shake flasks produce

'thg‘best jnocula (13). Both 3 and 4 day old flasks have been

fused”in our pilot studies and little if any difference can be seen.

“in their performance.

" Fermehtation profile

viride and

. The conditions of the fermentation for production of T.
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7. viride cellulase have yet to be established at:iheir optimum. -
At present, the temperature is controlled at 30% iO;lOCJand.vessel

pressure at 0.04. atm gage.:

In the 30 liter vessel an agitation rate of 360 rpm and: sparge of
0.097 vvm give an average value for the volumetric adsorptlon
coefficient (k a}l of 50 millimoles 02/1 <h-atm-and is: suff1c1ent to.”
maintain dlssolved oxygen levels: in excess .of :15% 0f: saturation:-at
the highest respiration. rates. The pH is uncontrolledgingthe‘éo-

liter vessel.

In the production vessel, an.agitation-rate-ovaOO'rpm*anafa.sparge
of 0.05 VVM-is sufficient to match the 30 liter:oxygén transfer:per-
formance. The pH is controlled once it falls,tO:é.l'andwis:main+-~
tained between 4.1 and 4.15 by addition of 4N NaOH. . .o

As previously mentioned, the profile is most définiteiy'é'fuhction
of inoculum size and age and with variations caused by these fac-

tors eliminated, the profile has a rather 1nterest1ng story ‘to tell.

glag phase

Bl R A

RESPIRATORY ACTIVITY

HOURS

Fig. 3. GCeneral fermentation profile for 10% inoqulum-__




Using. a 190% inoculum, -the fermentation can be divided into several
phases as depicted in Figure 3. There is a very small lag exper-
jenced during the first one or two hours followed by a very rapid
growth phase. This is followed by a rather abrupt peak and decline
to a lower level of activity.  The fermentation recovers from this
decline, rising to a new peak level of activity which is maintained .
for several hours. ..The final decline is characteristic of an aging
fermentation and there is no recovery. . Though .this behaviour is .
somewhat. complex it is consistent from run to run. This behavior
is reflected in the four selected parameters shown in Figure 4, -
for an inoculum being prepared in the "seed" vessel. The carbon
dioxide production and oxygen consumption foliow the general profile
shown -in Figure 3, while the pH and respiratory guotient indicate
shifts in metabolism at various stages in the fermentation. It is
presently thought that transfer of the culture should take place
between the 16th and 24th hours, just prior to or during the time

of peak cellular activity. -
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"Fig. 4.. Run no. 12. (3 day old 10% inoculum grown fram spores: Temperatire
30°C, pressure 0.04 atm gage, aeration rate 0.097 vvm.)

&—A Respiratory quotient (moles CO,/mole O,)
- B Carbon dioxide evolution (millimoles 0,/%+h)
.. @@ Oxygen uptake (millimoles/1.h)
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Run Ko, 12
16% Inoculum
Inoculum grown frem spores (Age - 3 days)
Tcr‘poratme = 30.6°C  Pressure = 0.04 atm gage
Aeration Rate = 0,097 yvi§
A Respiratory Quotient moles £0,/mole 02
8—=  Carbon Dioxide Evolution milliliters Op/Thr x 10-1
Gy pH
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DISCUSSION

The complex fermentatlon proflle is a result of the complex medla and

the condltlon of the 1noculum. The initial lag is. oommon

fermentatlons and as mentioned before can be controlled'

oculum 51ze The 1nltlal rapid qrowth rate 1s not characterlstlc

of growth on cellulose. In thls case it is probably due to__wo

factors.. Flrst, the protelns in the peptone may be the most real,

dily. avallable substrate.ﬁ Their consumptlon is noted by a rige in"

pH due to deamlnatlon._ Secondly, the inocula are characteristlcally

high in cellulase act1v1ty and it is not long before there i

stantlal level of cellulose hydroly51s and productlon of

sugars. Growth becomes very rapid and a shift in resplhat
tient is noted as metabolism shifts £rom the protelns to th'

hydrates.

perhaps cell ly51s beginsg. This is reflected agalnfln_a e

respiratory guotient.

The culture recovers from this shock and malntalns 1tse1f'

somewhat lower level of activity.. It is postulated th

productlon is stlmulated at thlS p01nt and correspondlngly hyvdro

and sugar utilization rates are matched.

‘Urther increase in cellular activity becomes cellulos
mited. The more amorphous fraction has been deplete
¢ limiting step becomes. the action of cellulase on-t

txent cellulose fractions. .
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Little is assumed about cellulase production. It has been.pfev
ly postulated that it appears in high levels only after the: rap
growth period but prellmlnary results of this pllot study show
heavy productlon during the first 16 to 24 hours. Rapld grow h
does not seem to inhibit its productlon.' Table 1 shows Tesu
from four separate runs with high and low levels of cellulase
tivity determined ln 'the inoculum. However, overall perfor
of all the cultures seems to be comparable. There is room fo
speculation but no conclusions will be drawn on this scant amo
. of data. There'is;'howeVér, a strong suggéStidn that cultures
cellulase activities as low as 1.4 filter paper units may make
cellent inocula and that this level of enzyme act1v1ty may be

chleved in as llttie as 19 to 20 hours.

Table 1.
R mo. FPA  fTransfer time -
7 of incetlim " hours ' of transfer

3.72 o 24 - 1.95

g . 1.4 T 28 " 1.96

0 2.20 R : 16 ©1.06

12 3.18 ' 17 ' 1,06
FPA - Filter paper activity '

An additional point should be made at this time. Very few success-
ful production runs (400 liter 'scale) have been made to daté.’ There

have been serious problems with contamination which have only re-_f

cently been resolved. However, the most recent results 1ndlcatet

the same fermentation profile as experienced in the "seed" vessels

CONCLUSIONS

1. The control of foam fofm&tibn'during the fermentaticn can bs’

accomplished by both mechanical means and antifoam agents. A’

_Waldhof draught tube when used with polypropylene glycol has glve

excellent foam control on the 400 liter scale.
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